One of the most striking phenomena in human oncology is the transformation of the normal skin color to an intense blue-gray pigmentation. This occurs as a complication of malignant melanoma. In the recent literature, several excellent examples of this type of pigmentation have been reported in patients with malignant melanoma.
prior to admission the patient had felt a pea-sized, non-tender nodule on the right and posterior part of the chest. During the next six months the nodule increased in size, and additional nodules were noted on the left ankle immediately above the medial malleolus and in the left lower quadrant of the abdominal wall. During the three months prior to admission the patient noticed the appearance of multiple nodules on the anterior and posterior parts of the trunk. There was no history of pain, dyspnea on exertion, hematemesis, melena, loss of weight, malaise or weakness. The patient had not noticed a change in the color of the skin. He said he had not taken drugs containing silver.
Physical examination revealed a well-developed, slightly obese, and rather uncooperative man in no distress. Temperature, pulse and respiration were normal. The skin surface of the entire body was slate-gray, with accentuation of the pigmentation in the light exposed areas on the face and neck ( fig. 1 ). There was no pigmentation of the buceal mucosa or the fingernails. The selerae were normal in color. Funduseopie examination revealed a concentric band of blue-black pigment around the optic disks. There was a firm, movable 12 by 12 cm. mass in the abdominal wall of the right epigastrium. A firm 6 by 8 em. right axillary node and a 4 by 4 cm. left supraclavicular node were palpable. There were numerous scattered 1 to 3 cm. blue-black subcutaneous nodules on the trunk and two black, polypoid tumors 16 by 16 cm. and 10 by 12 cm. in the right lumbar area. A firm, freely movable 5 by 5 cm. blue nodule was present superior to the left medial malleolus.
The urine was light amber, with a specific gravity of 1.015 and acid reaction; results of tests for glucose and albumin were negative. Results of serologic tests for syphilis were negative. Slight anemia and a normal leukocyte count were found.
Histologic examination of tissue removed from the 16 by 16 cm. tumor on the posterior surface of the chest established the diagnosis of primary malignant melanoma. Biopsy of skin of the trunk selected from an area free of metastatic tumor revealed numerous melanin Fin. 1. Generalized slate-gray pigmentation secondary to malignant melanoma and melanuria in a 41-year-old man reported in this study.
granules throughout the upper portion of the dermis and especially around the capillaries (figs. 2 and 3). The melanin granules were both extracellular and within histiocytes. There was no increase in melanin in the epidermis. Examination of the microscopic section under the dark-field microscope did not disclose ref ractile silver granules.
Roentgen-ray examination of the thorax did not reveal metastntic lesions.
A 24-hour specimen of urine was allowed to stand overnight in a 1-liter graduate cylinder.
A brown precipitate formed first at the surface of the urine, and during the course of 24 hours, the entire column of urine turned a dark brown, indicating the formation of melanin from auto-oxidizable chromogens. The reaction of the Thormaehlen test was positive; that of Fishberg's test for homogentisic acid was negative.
COMMENT
Generalized blue-gray pigmentation of the skin npparently is a rare complication of malignant melanoma. Diffuse melanin pigmentation as noted in the patient reported on in this study should be distinguished from the widespread discrete metastatic tumor nodules in the skin described by Way and Light (2) and Dawson (3) . Five examples of generalized blue-gray pigmentation with malignant melanoma were reported by Dixon (4), Odel, Horton and one of us (Montgomery) (5), Albeaux-Fernet and associates (6), Trueblood (7) and Ritz (8).
Dixon described the skin of his patient as a "curious gunmetal or argyria-like color."
1'
Fio. 2. Melanin granules in the dermis located extracellularly and within histiocytes. A diffuse blue-gray pigmentation of the skin and mucous membrane of the entire body and a deep blue-black pigmentation of the face were present in the patient of Odel, Horton and one of us (Montgomery). Argyria was ruled out by failure to demonstrate silver in the skin. Until about 6 months before admission to the clinic, the patient had always been recognized as a white man in his own community, and within a period of 2 months the skin of the face and hands had become so pigmented that he was considered a Negro ( fig. 4) by those who had not known him. This patient died, presumably of metastasis, 3 months after he had been seen at the Mayo Clinic.
Albeaux-Fernet and associates illustrated in color the gray-blue pigmentation of the entire body and blue-black color of the face of their patient.
The condition of Trueblood's patient is perhaps the most remarkable example of generalized pigmentation associated with malignant melanoma. In the course of 10 months the skin and mucous membranes changed from a "dusky" color to an intense, generalized blue-black ( fig. 5 ).
In Ritz's patient the presenting complaints were increased pigmentation of I, 4YC FJG. 5. Generalized intense blue-black pigmentation in a 43-year-old woman with malignant melanoma and melanuria (7) . the face and an enlarging black tumor on the right forearm. In his report, Ritz described the skin of the face and neck as exhibiting a "bluish-black, gun-metal color" fading to a light brown over the upper extremities and a normal color over the lower trunk and lower extremities. Unfortunately, the possibility of argyria was not considered in Ritz's patient, and the skin was not studied for the presence of silver.
PATHOGENESIS OF BLUE-GRAY PIGMENTATION ASSOCIATED WITH
MALIGNANT MELANOMA
The blue-gray pigmentation associated with metastatic melanoma and melanuria is due to pathologic deposition of melanin particles in histiocytes and extracellularly throughout the dermis. In normal skin, brown melanin granules are contained in melanin-forming cells, melanocytes, at the epidermal-dermal Junction. The degree of pigmentation of the skin reflects the content of melanin granules in the epidermal melanocytes, and varies from total absence as in albinism to a dark brown or black as in Negro and other pigmented races. When the epidermal melanocytes contain a small amount of melanin and pigment granules occnr in the dermis, a blue or bluish-gray color is observed clinically. The blue color produced by deposits of brown or black particles in the dermis can be explained by the phenomenon of "scattering," or the rearrangement of light, as it passes through a turbid medium (9) . The theory of a turbid medium was used by Rayleigh to explain the blueness of the sky at midday and its redness at sunset. Atmospheric air is a turbid medium, and the quantity of light transmitted contains a greater proportion of long wave lengths (red), whereas the light that is scattered to the sides or back to the surface of the medium contains a correspondingly greater proportion of short wave lengths (blue). The scattering phenomenon is illustrated in figure 6 . Brown or black pigment in the dermis absorbs red rays and reflects blue rays so that it appears as a blue color beneath the skin.
A classification of dermal pigmentations resulting in a blue color because of the scattering phenomenon is given in the table.
The color of the eyes also depends on the phenomenon of scattering. The pigment epithelium of the iris is located posterior to the stromal tissue. When the pigment epithelium contains melanin granules and the stroma of the iris is free of pigment, a blue eye-color results. If all the stromal melanocytes contain melanin granules, the eye color is a homogenous brown or black. The brown or black "spots" sometimes seen in blue-eyed individuals are due to the presence of melanin granules in isolated melaaocytes distributed unevenly throughout the stromal connective tissue.
The mechanism of the abnormal deposition of melanin pigment in the dermis in metastatic malignant melanoma remains to be explained. It has not been mantioned previously that melanuria occurred in all of the reported patients and the patient we have described herein. "Melanuria" literally refers to the occurrence of melanin in the urine. This term is probably a misnomer, since freshly voided urine from patients who have melanuria does not contain preformed melanin and is usually not black, but gradually darkens to a deep brown and later a black color when exposed to air for several hours. In the urine of some patients who have malignant melanoma, this darkening is due to the occurrence of intermediary metabolites of the tyrosine to melanin reaction ( fig. 7 ) which, on exposure to air, oxidize spontaneously to melanin. One of the intermediates, a simple derivative of 5, 6-dihydroxyindole, was found in the urine of a patient with malignant melanoma and melanuria by Linnell and Raper (11) . It is noted in figure 7 that the enzyme, tyrosinase, is needed only in the oxidation of tyrosine to dihydroxyphenylalanine (dopa); the balance of the reaction from dopa to melanin can result from auto-oxidation. It has been reported that dopa and possibly other intermemediates can be oxidized to melanin in the presence of an active cytochrome C-cytochrome oxidase system in the absence of tyrosinase. The tyrosine-tyrosinase system is present only in specific melanin-forming cells, melanocytes; and it is unlikely that the cytochrome systems play a primary role in melanin formation within the melanocyte. It is possible, however, that the cytochrome system or other oxidation-reduction systems may bring about the oxidation of the intermediary metabolites which are present in the extracellular fluids of patients with metastatic melanoma and melanuria. The presence of numerous melanin granules within histiocytes located around and near the blood vessels of the papillary layer of the dermis suggests that the chromogen may diffuse through the capillary wall into the extracellular fluid and ultimately enter the histiocytes as a chromogen or as melanin formed in the extracellular fluid of the dermis. Melanin formed within the melanoma cell occurs in the form of granules. Tumor melanin granules may enter the blood through invasion of veins and capillaries by neoplastic cells and be carried throughout the body. Since the melanin granules are relatively large particles, they cannot cross the capillary membrane. The melanin granules present in the dermis in patients with metastatic melanoma and melanuria are therefore formed from circulating tyrosine intermediates.
The blue-gray pigmentation of the skin of patients with malignant melanoma and melanuria is explained by the following mechanism. During the highly accelerated rate of formation of melanin from tyrosine in the melanoma cell, certain (11) .
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intermediates (for example, dopa, 5,6-dihydroxyindole) escape into the blood before being oxidized to melanin. These intermediates cross the capillary membrane and are converted into melanin by oxidizing systems (other than the tyrosinase system) within the histiocytes and possibly in the extracellular fluids of the dermis. The abnormal deposition of melanin grannies in the dermis and the absence of increased epidermal pigmentation result in a gray-blue or blueblack skin color, due to the scattering phenomenon.
SUMMARY AND CONCLUSIONS
A case of generalized blue-gray pigmentation associated with malignant melanoma and melanuria is reported.
Histologic examination of skin selected from an area free of metastatic tumor revealed melanin granules in the dermis around capillaries and within histiocytes. No increase in melanin was observed in the epidermal melanocytes.
The abnormal deposition of melanin granules in the dermis is explained by the conversion of circulating tyrosine intermediates to melanin in the extracellular fluid of the dermis or within histiocytes. The circulating tyrosine intermediates are derived from the primary or metastatic melanoma cells and escape into the blood before being completely oxidized to melanin.
The blue color produced by deposits of brown melanin particles in the dermis can be explained by the phenomenon of "scattering" or rearrangement of light as it passes through a turbid medium.
A classification of dermal pigmentations is presented.
